
REMEDIAL INVESTlGATiON AND FEASIBILITY STUDY 
FINAL WORK PIAN 

EXTERIOR INDUSTRIAL WASTE DITCH 
NAVAL REACTORS FACILITY 

IDAHO FALLS, ID 

APPENDIX F 

INEL AND NRF BACKGROUND AND PHYSICAL SElTING 

September 1992 

Prepared for the 
U.S. Department of Energy 

Pittsburgh Naval Reactors Office 
Idaho Branch Office 

P. 0. BOX 2469 
Idaho Falls. Idaho 63403.2469 



THIS PAGE WAS INTENTIONALLY LEFT BLANK 



TABLE OF CONTENTS 

Appendix F 
September 1992 
Page iii 

ACKNOWLEDGEMENT . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . iv 

LISTOFTABLES . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . v 

LISTOFFIGURES . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . v 

1.0 

2.0 

3.0 

4.0 

5.0 

6.0 

7.0 

6.0 

INTRODUCTION .............................................. F-l-l 
1.1 INEL Location Description .................................. F-l-l 
1.2 History of the INEL ....................................... F-l -1 

e.I n..... mm 1 I _I I * n 1rrrrn*ns*ne i-“T3,btvL Lnnnn~Icn,J,,ba ................................... F-2-1 
2.1 Meteorology ............................................ F-2-1 
2.2 Climate.. .............................................. F-2-l 
2.3 Local Meteorology ........................................ F-2-3 
2.4 L~ca!Tannnranhv r-a--r ..I ........................................ F-2-4 

2.5 Large Structures and Buildings .............................. F-2-5 

GEOLOGY.. ................................................. F-3-l 
3.1 Physiography ........................................... F-3-1 
3.2 Formation of the Snake River Plain ............................ F-3-3 
3.3 SurfaceGeology ......................................... F-3-4 
3.4 Subsurface Geology ...................................... F-3-4 

3.4.1 Seismic Activity .................................... F-3-6 
3.4.2 Voicanic Hazard .................................... F-3-7 

SURFACEWATERHYDROLOGY .................................. F-4-1 
4.1 Regional Surface Water Hydrology ............................ F-4-l 
4.2 Rin I net River -,J --- .... _-. ........................................... F-4.1 
4.3 Surface Water Use ....................................... F-4-7 

GROUNDWATER HYDROLOGY ................................... F-5-1 
5.1 Site Specific Hydrologic Conditions ........................... F-5-1 
5.2 Groundwater Use ........................................ F-5-l 

ECOLOGY AT NRF ............................................ F-6-1 
6.1 Surrounding Land Use. .................................... F-6-1 
6.2 Bioia .................................................. F-6-i 

62.1 Flora ............................................ F-6-1 
6.2.2 Fauna ........................................... F-6-4 

6.3 Fauna at the IWD ........................................ F-6-6 
I??, An+-‘nn~ “.V ... .. ..“.-r - .................................... F-6-6 
6.3.2 Sage Grouse ................................. F-6-6 
6.3.3 Ducks ...................................... F-6-6 
6.3.4 Mourning Doves .............................. F-6-7 
6.35 Blackbirds ................................... F-6-7 
6.3.6 Mule Deer ................................... F-6-7 

IMPORTANT WILDLIFE HABITATS ................................. F-7-l 

^-r---.I^-^ 
MtrtHtNbta ................................................ F-6-i 



Appendix F 
September 1992 
Page iv 

ACKNOWLEDGEMENT 

Some of the information presented in this Appendix regarding geology, hydrology, 
mat~nmlnn~~ Clhl.tP snrl DPnlnnv l#l!h the !NEL was obtained frog !h$ “D@ Work pian for “‘“.V”“‘“J, “..I,....” I. .” ““V.-J, 
the Organic Contamination in the Vadose Zone-Operable Unit (OU 7-08). Remedial 
Investigation/Feasibility Study, December 1991, Idaho National Engineering Laboratory, 
EG&G Idaho, Inc. Specific references are not made to this document, but rather to the base 
documents as indicated. 



Appendix F 
September 1992 
Page v 

LIST OF TABLES 
Em!2 

Since1884 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . ..F-3-10 

Table F-2 Representative Plant and Animal Species Occurring at the INEL . . . . . F-6-8 

LIST OF FIGURES 
n--_ Lalz 

Figure F-l Map of the INEL and Surrounding Area . . . . . . . . . . . . . F-2-2 
Figure F-2 Physiographic Features of the INEL Area . . . . . . . . . . . . . F-3-2 
Fimm F-3 G&ngica! Features of the !NEL .Arna I I I I I I I : I : : .u-- - F.3-5 
Figure F-4 Block Diagram Showing the Relationship of Low Shields, Major Lava 

Tubes Flows, and Fissure Flows as they Relate to the ‘Plains” Style of Basaltic 
Volcanism . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . F-3-8 

Figure F-5 Locations of Earthquakes Greater than Magnitude 6.0 . . . . . . . . . . . . . . . . F-3-9 
Figure F-6 Drainage basins affecting the INEL. . . . . . . . . . . . . . . . . . . . . . . . . . F-4-2 
Figure F-7 Sites along the Big Lost River downstream from Mackay Reservoir. . . . F-4-3 
Figure F-8 Profile and Section of the Big Lost River . . . . . . . . . . . . . . . . . . . F-4-5 
Figure F-Q Discharge of the Big Lost River at the INEL Diversion Channel . . . . F-4-6 -.~ - _^ .,-- ^ ~, ..,~. .., **, ~.. rrgure r-1” r~ni- czrouno vvarer vverr Locarrons . . . . . . . . . . . . . . . . . . . . . , . . . . . . i-8-2 
Figure F-l 1 Permitted Grazing Areas at the INEL . . . . . . . . . . . . . . . . . , . . . . , . . . . F-6-2 





Appendix F 
September 1992 
Page F-l -1 

1.0 INTRODUCTION 

This Appendix provides information on the history, geology, meteorology, hydrology, 
flora, and fauna of the INEL and NRF. This information was used in developing the 
Industrial Waste Ditch Remedial Investigation and Feasibility Study Work Plan. 

1.1 INEL Location Description 

The surface of the INEL is a relatively flat, semi-arid, sagebrush desert with the 
predominant relief either as volcanic buttes jutting from the desert floor or as unevenly 
surfaced basalt flows and/or flow vents and fissures. Elevations on the INEL range 
from 5200 feet in the northeast to 4750 feet in the central lowlands; the average 
elevation is 4975 feet (see Figure F-l). 

1.2 History of tne INEL 

The INEL site was established in 1949 as the National Reactor Testing Station by the 
U.S. Atomic Energy Commission as a site for building, testing, and operating various 
“,,..I..,.~ r,.rr,..~r a.,^, *w^^^^“i..” ..,““l” . . ..A ,.........A ‘̂ ^il:u^^ . . ..a. -^.A-..- ^^I -... IIUUI~~.I IWCLCI”,~, I”WI ~,“~~~~,,~y p,a,nr, all” r”f+“‘, IcIb4llll~:J w*11111 111aAlllIU111 aY.,cay 
and isolation. In 1974, the National Reactor Testing Station was redesignated as the 
INEL to reflect the broad scope of engineering activities conducted there. 

The US. government used portions of the site prior to its establishment as the 
National Reactor Testing Station. During World War II, the U.S. Navy used about 270 
square miles of the site as a gunnery range. Another area was once used by the U.S. 
Army Air Corps as an aerial gunnery range. The present INEL site includes all of the 
former military area and a large adjacent area withdrawn from the public domain for 
use by DOE. The former Navy administration shop, warehouse, and housing area is 
today the Central Facilities Area of the INEL. 
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2.0 PHYSICAL CHARACTERISTICS 

2.1 

2.2 

Meteorology 

Atmospheric contaminant transport is controlled by the following physical 
parameters; climate, local meteorology, local topography and large structures 
or buildings on-site, and contaminant source strength. This section describes 
the aspects of these physical parameters necessary to evaluate environmental 
and human health impacts due to atmospheric transportation of contaminants 
from NRF. 

Cllmate 

temperature of 2E°C (83OF) and an average winter daytime maximum 
temperature of -0.50°C (31 OF). Infrequent cloud cover over the region allows 
intense solar heating of the ground surface during the day and the low 
absolute humidity allows significant radiant cooling at night. These factors 
create large temperature fluctuations near the ground (Bowman et al., 1984). 
During a 22-year period of meteorological records (1954-1978), temperature 
extremes at the INEL have varied from a low of -41 OC (-43V) in January to a 
high of 39W (103V) in July. The average relative humidity at the INEL ranges 
from a monthly average minimum of 15% in August to a monthly average 
maximum of 81% in February and December. The relative humidity is directly 
related to diurnal temperature fluctuations. Relative humidity reaches a 
maximum just before sunrise (the time of lowest temperature), and a minimum 
?- *L_ #_A_ -Y -_---- ,A?-_ _x -___:-._- -I-:*.. *_- ---- I ..-- \ ,rmcle r-o.\ 111 LllD law alllorll”“II (UIIIca “I Illaxll,l”III “ally It;llqJ”‘“L”‘!q \C”cx”, IJO I,. 

The regional topography and upper-level wind patterns over North America 
create a semi-arid climate. Average annual precipitation at the INEL is 8.5 
inches. The highest precipitation rates occur during the months of May and 
June, and the lowest rates are in July. 

Snowfall at the INEL ranges from a low of about 12 inches per year to a high 
of about 40 inches per year, with an annual average of 28 inches. Normal 
winter snowfall occurs from November through April, although occasional snow 
storms occur in May, June, and October (EG&G, 1981). 

Potential annual evaporation from saturated ground surface at the INEL is ---_-__:--1_L_ n,. I--L_- e-L-_ - _____. -IAL:_ -..----- *:__ ---..-- L _...___ appr”nllrEw.wy JO ,,Ic,,es. Elgllry powarlr “I LlllJ a”ap”‘“L’“” “cici”rs “CI~WCICIII 
May and October. During the warmest month (July), the potential daily 
evaporation rate is approximately 0.25 inches per day. During the coldest 
months (December through February), evaporation is low and may be 
ineinnifirant . . .-.-. --. . . .4&a! evannratinn ~SI+FIC are mulch !gwgf than nntnntial r&r: -.-r-. -..-. -.-- -. - .--. r---..--- 
because the ground surface is rarely saturated. Evapotranspiration by the 
sparse native vegetation of the Snake River Plain is estimated at between six to 
nine inches per year, or four to six times less than the potential 
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Figure F-l Map of the INEL and Surrounding Area 
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evapotranspiration. The greatest quantity of precipitation, water available for 
infi!t&on /Ma wintar tn cnrinn\ cfjnci&s with n~rinrtc nf rdstiwdu Inw ~-.- . . . . .._. .- -r . ...=. 

r-“--- 
-. . -. - . . I -. , .- . . 

evapotranspiration rates (EG&G, 1981). 

2.3 Local Meteorology 

The local topography influences the local meteorology. The orientation of the 
bordering mountain ranges, as well as the general orientation of the eastern 
Snake River Plain, play an important role in determining the wind regime. The 
INEL lies in the belt of prevailing westerly winds, normally channeled across .L- ~~~_~~~ A--.~- -.~~~~-*-.~- -.-.- -.-----*.-~ ~-*. ~~~~* ~~~ me easrern 3natv3 nwer rwn. Inus cnannemg usually proouces a wesr- 
southwest or southwest wind. When the prevailing westerlies at the gradient 
level (approximately 8000 feet above land surface) are strong, the winds 
channeled across the eastern Snake River Plain between the mountains 
ha~~m.g yew nttmnn I -----.a- Snma nf tha hinhad \*?ind gnaarta nt tha !NEL +~a bean __..._ _. . .._ ...J- .__. r---- -- -.‘- 
observed under these meteorological conditions. High winds occur with the 
greatest frequency in the spring. 

Local mountain and valley features exert a strong influence on the wind flow 
under other meteorological conditions. When winds above the gradient level 
are strong and from a direction slightly north of west, channeling in the eastern 
Snake River Plain usually continues to produce southwesterly winds over most 
of the INEL. At the mouth of Birch Creek however, the northwest to southeast 
orieniaiion of this vaiiey channeis sirong northnortinwesi winds inio tine area. 
This ‘Birch Creek’ wind may equal the strongest southwesterly winds recorded 
at other locations on the INEL (EG&G, 1988). 

nrsinana wide slcn ~nn+rihl Ita tn the ~wP~z~II winrl flnw NM !h~ !NEL, + ‘.-...-J” . . . . . -” “.-- “-...,.-“.” .” . ..” -.-..... . . . . . - ..-.. ---. 
clear or partly cloudy nights with only high thin clouds, the valley experiences 
rapid surface radiant cooling. This results in simultaneous cooling of the air 
near the surface, which causes the air to become stable and less turbulent. 
However, air along the slopes of mountains cools at a faster rate than air at the 
same elevation located over the valleys. Consequently, the air increases in 
density and flows or sinks toward the valley, forming a down-slope wind. 
When this wind reaches the valley, it still flows toward lower elevations and 
becomes a down-valley wind. Nocturnal down-valley flow is the second most 
frequent wind observed over tine iNEi and iiows primariiy out of ine norifn- 
northeast. 

A reverse flow, opposite in direction to that of the drainage wind, occurs during 
+ha &wtlmn wh.x, .iv siltinn tha mn,,ntain elnna~ ha&c mnra rwGtl\r thrrn sir a+ . ..” “..,.....” . . ..-.. .,.. .,.“.‘J . ..” *..-“...I... v.-r”” ,.“-.” ...-.” .“r.-., . ..“.. . . . . . 
the same elevation over the valley. Air rises along the slopes as it loses 
density, This up-slope wind, in turn, contributes to the production of an up- 
valley wind. This up-valley wind is seldom detectable as a separate 
component of the wind until the synoptic pressure gradient becomes quite 
weak. Although the mountain and valley winds are predominantly ,“fair 
weather” phenomena, they can also occur under other sky cover conditions. 
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In addition to the relatively local drainage winds, a somewhat stronger wind 
has occasionally been observed. It develops when an outbreak of cold air 
,acJe+ n‘ the Pnntinantrl nit,;A3 r.C”I,..z anA kahm,sc in ,ka Cdrn.3 manna, bC tha IOL. “I .I I” V”, 1.111111.c.1 YI”I”V ““““I~ “I I” ““I ,“““I II I .I I” “..a.< I” I I IUS II .“I .A” .I SW 
down-valley wind. If the cold air becomes deep enough, it soills over the 
Continental Divide and flows down across the eastern Snake River Plain. The 
result of this phenomenon is valley winds from the northeasY 

Pressure gradient forces related to passing synoptic weather systems, as well 
as local storms, all affect the winds of the INEL. These storms alter the local 
flow regime such that winds can be observed from any direction. 

tirgn wind-speed episodes occur in aii months oi ihe year, with ihe highesi 
average hourly winds occurring during winter and spring. The passage of 
synoptic frontal systems involves higher and more sustained average hourly 
wind-speed events than those of thunderstorm gust fronts (Bowman et al., 
1984:. 

The INEL is subject to severe weather episodes throughout the year. 
Thunderstorms with occasional tornadoes are observed mostly during the 
spring and summer. An average of two to three thunderstorms occur during 
each of the months from June through August (EG&G, 1981). Thunderstorms 
may be accompanied by strong, gusty winds that may produce local dust 
storms. Occasionally, rain in excess of the long period average monthly total 
precipitation may be recorded at a monitoring station on the INEL resulting 
from a single thunderstorm (Bowman et al., 1984). Precipitatio,n from 
thunderstorms at the INEL is generally light. 

Dust devils are also common in the region. Dust devils entrain dust and 
-akh,ar .,“.-I +.c...r.%,Trt ,hsm n*,.3* rkmwl r(ir+sJnrar Tkas, I ICI 1e.111, -111 I* h.. s.,.I*m pcYY”o LII I” ,1a, ‘q.w’I .I lrlll ““rl ill !.A, L “I.aLcu I”w*. ,,,sy “uYm”y ““““l “II ..a1111 
sunny days with little or no wind. The dust cloud may be several hundred 
yards in diameter and extend several hundred feet in the air (Bowman et al., 
1984). 

The vertical temperature and humidity profiles in the atmosphere determine the 
atmospheric stability. Stable atmospheres are characterized by low levels of 
turbulence and less vertical mixing. This results in higher ground level 
concentrations of emitted contaminants. The stability parameters at the INEL 
range from extremely stable to very unstable. The stable conditions occur 
mostly at night during strong radiant cooling. Unstable conditions can occur 
during the day when there is strong solar heating of the surface layer, or 
whenever a synoptic scale disturbance passes over the region. 

Local Topography 

The terrain in and around the INEL may affect the ambient ground-level 
concentrations of contaminants emitted from NRF. Land features located 
above the elevation of the source may create relatively higher ambient 
concentrations than features located at the same elevation as the source. The 

2.4 
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overall terrain at the INEL is flat with some small depressions and mounds, and 
small buttes. 

2.5 Large Structures and Bulldings 

Buildings and large structures can increase the degree of turbulence in the air. 
TL- -I: ----- :__ _a ___A__?__-._ :_ _I?___&,.. __,_A__1 I_ .L_ _I_-___ I rw uyxwwr~ UI civrwarrurww 15 wrcrwy reeueu to me oeyrrte 01 ar -1 _:- 

turbulence. The largest buildings at NRF are about 100 feet tall. The profile of 
these buildings will not significantly affect the degree of turbulence at the INEL. 
NRF can, therefore, be characterized as rural for dispersion analysis purposes. 
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3.0 GEOLOGY 

The NRF is located on the eastern Snake River Plain, a broad flat plain consisting of 
basaltic lava flows with thicknesses up to several thousands of feet and interbeds of 
loess, eolian sediments, alluvial fan deposits, and lacustrine sediments. The upper 
700 feet of basaltic lavas at the NRF were the result of ten eruptive episodes occurring 
from about 75,000 to 600,000 years ago (Anderson and Lewis, 1969; and KuntZ et ai., 
1960). The flows erupted from fissure vents in volcanic rift zones, the majority of 
which trend northwest along the northeast eastern Snake River Plain. The rii zones 
are thought to be associated with extension tectonics caused by the continuation of 

D^^i.. ^..A m-^-^ ,^^+^..i-... ,CCP~C ,OQ”\ Tha i..c.rc.l+ir Irs,IC cl*n ,,“API,li” h\, the Paall I a, I” “al l&p LTbL”I l,Dl I I ,L”U”( I Gxl-r,. IIls? Y~.z)U,II” ,““.xO “IU “IJY”IIUIII Y, 
rhyolitic volcanic rocks. Several of the rhyolitic domes have erupted through the 
basaltic pile near the INEL’s southern boundary. 

3:? Phvsfoaraahv .---e--r~~l 

The Snake River Plain is the largest continuous physiographic feature in 
southern Idaho (Figure F-2). This large topographic depression extends from 
the Oregon border, in an area across Idaho to Yellowstone National Park, and 
into northwestern Wyoming. 

The Snake River Plain slopes upward from an elevation of about 2500 feet at 
the Oregon border to over 6500 feet at Henry’s Lake near the Montana- t.,..--!_- L-__I__ TL- c. __,._ n: ..__ n,-:- :^ ^^__^^^ -1 ,.‘A..^ ^b,, A ,,.,.,I,, ““y”lrllrly ““I”W. , IlO 311a.ncI nwta rla,l, ID Wl,qJ”Jc;” “I L”“” r,l”~&“#cwy 
dissimilar segments, with the division occurring near Twin Falls, Idaho. West 
of Twin Fails, the Snake River cuts a valley through Tertiary Basin fill sediments 
and interbedded volcanic rocks. The stream drainage is well developed, 
nunnnt in a few areas covered bv recent thin basalt flows. East of Bliss! Idaho! _..__ r. - ._ 
the complexion of the plain changes as the Snake River carves a vertical- 
walled canyon through thick sequences of Quaternary basalt with few 
interbedded sedimentary deposits. 

The INEL is located entirely on the northern side of the eastern Snake River 
Plain and adjoins the mountains to the northwest that make up the northern 
boundary of the plain. Three mountain ranges end at the northern and 
northwestern boundaries of the INEL: the Lost River Range; the Lemhi Range; * . . n-l-. .-_ r n\ an0 me Beaverhead Mountains of ihe Bitterroot Range (rrgure r-4. Saddie 
Mountain Peak, near the southern end of the Lemhi Range, reaches an altitude 
of 10,795 feet and is the highest point in the area. 

The nntiinn nf the Se&e Rivgr p!& n~C~niarl hv the INFI rnav he dividd into r-.--. -’ I---- - , . ..- ..-- _..-, -_ _.. --- ~..._ 
three minor physical provinces: a central trough that extends to the northeast 
through the INEL, and two flanking slopes that descend to the trough, one 
from the mountains to the northwest and the other from a broad ridge on the 
plain to the southeast. The slopes on the northwestern flank of the trough are 
mainly alluvial fans originating from sediments of Birch Creek and the Little 
Lost River. 



: 

- F- \-I!.7 . I ,-,:z - 
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Figure F-2 Physiographic.c,:,, .,es of the INEL Aree 
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Also forming these gentle slopes are basalt flows that have spread onto the 
plain (Figure F-3). The landforms on the southeast flank of the trough are 
fnrmzd hrr harrlt flnwa whirh anmad frnm nn erlfntinn 7nne !h$ e&n& ,“.,,.“” “, ““““,. ,.“..“, . . ...“.. “r .““” ..“... “.. “.“P ..“.. --..- 
northeast from Cedar Butte (Figure F-2). The lavas that erupted along this 
zone built up a broad topographic swell directing the Snake River to its current 
course along the southern and southeastern edges of the plain. This ridge 
effectively separates the drainage of mountain ranges northwest of the INEL 
from the Snake River. Big Southern Butte and the Middle and East Buttes are 
aligned roughly along this zone; however, they were formed by viscous 
rhyolitic lavas extruded through the basaltic cover and are slightly older than 
the surface basalts of the plain. 

The central lowland of the INEL broadens to the northeast and joins the 
extensive Mud Lake Basin. The Big and Little Lost Rivers and Birch Creek 
drain into this trough from valleys in the mountains to the north and west. The 
intarfl@fit!v flnwinn watara n! the @in I nnt River hg,y !nfm& a f!nnd nlain in I “-““’ J ‘.-.-‘- 1 ---. r--_- .-. 
this trough, consisting primarily of sands and gravels. The streams flow 
(intermittently) to the Lost River Sinks, a system of playa depressions in the 
northeast portion of the INEL, south of the town of Howe. There, the water 
either evaporates, transpires, or recharges the Snake River Plain Aquifer. The 
sinks area covers several hundred acres and is very flat, consisting of 
significant thicknesses of fluvial and lacustrine sediments. 

3.2 Formation of the Snake River Plain 

Southern Idaho has been characterized by a bimodal basalt-rhyolite style of 
volcanism over the past 15 million years. This volcanism has occurred as two 
general periods. The first period consisted of the extrusion of rhyolitic lavas 
“..- .“..” .‘..“!.“r.“” “, “...“..“. anA +tdfr in+cwr,,n+d hv ~msll~r &$ic n&&s !ha! hz\je cnfi!ifiued ifi!!! 

recent times. The focus of this volcanism has progressed over time in a 
northeasterly trend from the Miocene to the present time and is currently 
located beneath the Yellowstone Plateau. The eruption of rhyolitic lavas 
associated with this first period has occurred at the Yellowstone Plateau as 
recently as 70,000 years ago. 

The Snake River Plain is a 60 mile wide basin extending 200 miles from near 
Twin Falls, Idaho to the Island Park Caldera north of Ashton, Idaho, and is 
composed of two siructuraiiy dissimiiar segments (Figure F-2). Tine eastern 
Snake River Plain is considered a down-warped structure and not necessarily 
bounded by faults. It consists of a series of rhyolitic calderas overlain by a 
veneer of basal&. 
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The earliest dated rhyolitic activity on the eastern portion of the Snake River 
Plain began about 10 million years ago in the Twin Falls area. According to 
Leeman, this sflicic volcanism was followed by basaltic lavas that extruded 
from vents along northwest-trending rii zones. The volcanic material is 
dominated by rhyolite ash flow tuffs and lava flows to a thickness of greater 
than 7800 feet. The silicic volcanic rocks are overlain by as much as 2000 to 
3000 feet of basaltic lava flows and interbedded sediments (Robertson et al., 
1974). 

Basalt flows have erupted from four postulated rift zones that cross the Snake 
nr .,^_ “I^:- ._^^ A:^^ --at. ..,^ ̂ I ^^.. I*^^^* rll”ril rlcIll I LIcil1”II ‘3 I I”, LIIW~~L-DVUII IclaaL. Th.^^^ *x6.. -*^ rl^R”,.A t.., +L.,. linnmr * I ,c*.z lll.Q CIID un,,, IQ” “7 LI IV 1111wa1 
arrangement of vents, fissures, and graben. Dating of basalt flows on and 
near the INEL yields eruption dates of 12,000 to 400,000 years ago. The Hells- 
Half-Acre flow, immediately adjacent to the southeastern INEL boundary, is 
dated at 4100 years. The youngest basalt flows on the Snake River Plain 
occur along the Great Rift at the Craters of the Moon National Monument and 
are 2100 years old. 

3.3 Surface Geology 

The general surface geology of the INEL is shown in Figure F-3. Much of the 
surface is covered by Pleistocene and Holocene basalt flows. The second 
most prominent geologic feature Is the flood plain of the Big Lost River. .I,....?- I --A,-__A_ -1 A..-.__---_ _-_ -- -..- :_ ” L___I *L-l -..&---1- ^^_^^^ .I..^ n,,““,a, w3”,,,,Wl,~ “I ““awrrlary ayu “Oci”, II, a “*,I” ,,,a, awcIII”Q aw”Do IIIV 
INEL from the southwest to the northeast. The alluvial deposits grade into 
lacustrine deposits in the northern portion of the INEL, where the Big Lost River 
enters a series of playa lakes. Paleozoic sedimentary rocks comprise a minute 
gal Q? @!a !NEL &nn the nnrthwest bnundarv. Three !arge silicic domes and J ..- .._......__. -_-..--.,. 
a number of smaller basalt cinder cones occur on the INEL and along the 
southern boundary. 

3.4 Subsurface Geology 

A number of wells have been drilled on the INEL to monitor groundwater levels 
and water quality. Lithologic and geophysical logs have been made for most 
of the wells drilled on the INEL. From these logs and an understanding of the ..-I--_?_- _I .I__ n--4__ “? ..__ “a_:- ?. I_ ----. .!“I_ A_ vorcanrsm or tne onaae never narn, II IS pusarorcr LU uevtsuP a rcl0svr1au1y -I -..- 1”” ” _-^-^^^ Lb.. 
comprehensive picture of subsurface geology. The INEL Site is very 
homogeneous in terms of mode of formation and types of geologic units 
encountered. The exact distribution of units at any specific site, however, is 
hinhlu wxiahla ...J . . . . _ “..” “.“. 

The eastern Snake River Plain typifies a “plains’ style of basaltic volcanism with 
the accumulation of basaltic flow materials by three general methods: (a) flows 
forming low-relief shield volcanos; (b) fissure-fed flows; and (c) major tube-fed 
flows with other minor flow types. These distinct flow types often intermingle 
with the tube and fissure-fed flows filling in the lower regions between low-relief 
shield volcano% This results in a relatively low surface gradient, often with 
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Figure F-3 Geological Features of the INEL Area 
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complex stratigraphic relations as displayed in Figure F-4. Relatively minor 
accumulations of basaltic cinders or scoria occur in plains type volcanism; this 
can be as relatively rare cinder cones or as thin accumulations between flows. 
Basalt flows characteristically occur as slayers of pahoehoe lava a few feet to a 
few tens of feet thick, with an average thickness on the order of 53 feet (Nate 
et al., 1956). The basalt flows can be interlayered with unconsolidated 
sediments, scoria, ana breccia. Considerable variation in lithologic texture 
occurs between different flows, as well as within individual flows. 

The bases of many flows are glassy to fine-grained and minutely vesicular. 
Tl.^ . . ..A ..,.A^“.. -‘I I^,.,_ ^-^ ^^^__^_ ^-^:..^A ..,:a.. I ̂ I.. ..^^ :^I^^ TL-^ ..__^_ I I IW II Iw-p”, LO”, I) “I II”““D ca,w c”a#o~I y,an lci” vv111 I IVVV “ci3llrlea. I, IFI qJfJw 
portions of flows are fine-grained with many small vesicles. This pattern results 
from rapid cooling of the upper and lower surfaces with slower cooling of the 
basalt flow’s interior. The massive basalt flows’ interior are generally jointed, 
with vertical joints in a hexagonal pattern that were formed during cooling. 
Basalt flows that were exposed at the surface for a significant time have 
vesicles and fractures filled with fine-grained sediments and secondary calcite. 
During quiescent periods between volcanic eruptions, sediments were 
deposited upon the basalt surfaces. These sedimentary deposits display a 
wide range of grain size distributions, depending on the mode of deposition- 
eolian, lacustrine, or fluvial. Because of the very irregular topography of the 
basalt flows, isolated depressions are common. Thus, many small pockets of 
sedimentary material may occur in a sequence of basalt flows. 

The Big Southern Butte Complex is approximately 300,000 years old, and is 
one of several complexes believed to have erupted from rhyolitic calderas 
aligned in a northeast trending belt. These rhyolites apparently consisted of 
very viscous lavas which intruded as domes; representina the wanind stases of - ; explosive silicic volcanism (Bowman et al., 1964). Descriptrons of the INEL 

.~~ lieu -..._-- -. 

fault studies, seismology, and volcanic hazards, along with some geologic 
maps for the INEL, are summarized in Bowman et al. (1964). 

The eastern Snake River Plain is bounded on the north and west by Cenozoic 
fault-block mountains of the Lost River, Lemhi, and Beaverhead Ranges 
(Figure F-2). These ranges are composed of Paleozoic quartzltes, limestones, 
dolomites. and shales. The fault-block ranges trend northwest-southeast and 
.L- ..^I---:- ..:Y- --_- 11-1 IL- _----- ---I --- L-l! -..- _I *- I_- -...A--- UICI ““lCia,Iw 111,5 paraw, L,lD raryps, all” ara “elIe”e” I” “r: s”rlaGu 
expressions of extensions of the range-front faults. 

3.4.1 Seismic Activity 

The seismic activity of eastern Idaho is concentrated along the 
Intermountain Seismic Belt, which extends more than 600 miles from 
southern Arizona, through eastern Idaho, to western Montana (Figure F- 
5). The Idaho seismic zone, one of two zones in this belt, extends from 
the Yellowstone Plateau area westward Into central Idaho. Minor 
earthquakes have occurred on the eastern Snake River Plain, east and 
north of the INEL. 
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The largest earthquake recorded for the Idaho seismic zone occurred 
on October 28, 1983, measuring 7.3 on the Richter scale. This 
enrthn, mka rat, ,lta-l frnm mmmmnnt alnnn I rsnnc..frnnt fw alt --.... 1 --..- .--I..-- ..“.,. . ..-.-... “... -.“.,= - ....‘J., ,,-,,. ,....,.. The 
epicenter was approximately halfway between Challin and Mackay, and 
the faulting broke the surface for 25 miles along the western base of the 
Lost River Range. Although the earthquake was felt at the INEL, all 
facilities remained undamaged. Table F-l lists the largest earthquakes 
in the eastern Snake River Plain area since 1884 (Bowman et al., 1984). 

3.4.2 Volcanic Hazard 

. .-- The main voicanic hazard ior the it+- IS irom potentiai iava fiows from 
source vents offsite. The potential exists for lava flows to inundate the 
complex from future eruptions. 
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Figure F-4 Block Diagram Showing the Relationship of Low Shields, Major Lava Tubes 
Flows, and Fissure Flows as they Relate to the “Plains” Style of Basaltic Volcanism (Source: 
Gree!y, !982) 
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Table F-l - Largest Earthquakes in Regions Surrounding the Eastern Snake River Plain Since 1884 

Date Latitude 
November 10, 1884 42.0 

October 5, 1909 41.3 

June 27, 1925 46.0 

March 12, 1934 41.7 

October 31, 1935 46.8 

July 12, 1944 44.7 

February 13, 1945 44.7 

November 23, 1947 44.3 

August 17, 1959 44.3 

August 18, 1959 44.3 

August 18, 1959 44.3 

March 27, 1975 44.8 

June 30, ,Q?F; 44.8 

October 28, 1983 44.05 

Longitude Magnitude Location 
111.3 6 Bear Lake Valley” 

112.7 6 Hansel Valley, U”’ 

112.2 6.75 East of Helena, MT” 

112.3 6.6(M$ Hansel Valley, UT” 

112.0 6.25 Helena, MT 

115.2 6.1 Helena, MT” 

115.4 6.0 Seafoam, ID 

112.0 6.25 Southwestern, MT” 

111.1 7.1 Hebgen Lake, MT 

110.7 8 Yellowstone Park, WYb 

111.6 6.25 Southwestern MTb 

110.5 6.I(Md” Pocatello Valley, 

6.O(M,MA ID-UT border” 

110.8 fi -. 1 fM.V \---Y ye!!~w&ge park -_._, WY 

5.9(M3 

113.89 7.3 Borah Peak, ID 

a. 

b. 

: 

Includes mainshocks (or largest swarm events) of magnitude 6.0 or greater (or M.M. intensity VIII for 
pre-instrumental shocks from 1852 through July 1980). 
Part of 1959 Hebgen Lake earthquake sequence. 
M, is the magnitude of the surface waves. 
ML is the local magnitude. 

Source: Bowman et al., 1984 
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4.0 SURFACE WATER HYDROLOGY 

4.1 Regional Surface Water Hydrology 

The INEL lies almost entirely in the Pioneer Basin, a closed topographic 
depression located on the Snake River Plain (see Figure F-6). The Pioneer 
Basin receives intermittent surface fiow from tiiree drainage basins to the north 
and west, Big Lost River Basin, Little Lost River Basin and Birch Creek Basin 
(see Figure F-6) (Niccum, 1973). The Big Lost River and Pioneer Basins range 
in elevation from about 4700 to over 12,600 feet above mean sea level (msl). 
The lamad ramnff narincla in the area nf !hn basins at !nwer altitudes have J--. .-..-.. r_..--- .._ -._- -. 
historically occurred during January, February, and March. The maximum 
runoff from the highlands usually occurs in May or June. In the Pioneer Basin, 
the ground thaws in March or April, preparing the soil to accept surface water 
by infiltration a month or two before the snowpack in the higher elevations 
melts (Niccum, 1973). 

The greatest amounts of precipitation occur on the mountain slopes of the 
three basins bordering Pioneer Basin. An annual maximum of 50 inches of . . . . .I-- P..~ I --. precrpnarron has been recorded in ine higher eievations between me Prg Lost 
River and the Little Lost River Basins. Pioneer Basin receives an average of 
eight inches of precipitation annually, but variations ranging from five to over 
14 inches of total annual precipitation have been recorded between 1950 and 
lOC* /F\~rrem4n~ 8-h et 21 307G\ Thk nradnitsltinn ranne affects tha amnlint nf l”“” \‘““.s”“..J’* I. -a., .“.“,. ,.,.” P.““.r......-,. .....=” . . ..-...- ..I_ -...--... -. 
infiltration and percolation to the water table. 

4.2 Big Lost River 

The Big Lost River is the main surface water feature of the Big Lost River and 
Pioneer Basins. The confluence of the East Fork and North Fork form the Big 
Lost River’s main stem, located about 22 miles northwest of Mackay Dam 
which impounds the river approximately four miles northwest of Mackay (see 
Figures F-6 and F-ij. The drainage basin above ihe dam has an area of 788 
square miles. The dam controls a significant portion of the natural stream flow 
and stores runoff for irrigation (Koslow and Van Haaften, 1988). 

Tks Wrr I *a+ ~ivc.r flnwr cm nthasct frnm Mca,-krrtr nnrn rtnwn *ha Rin I *E+ Flkmr ,111 L’y -1”. 111.“1 .I”..- “““..a”..“. s.1.1, ..‘““...., -..,.. “_.... . . . . -.= ---. . . . . -. 
Valley past Arco into the Pioneer Basin (see Figure F-7). Southeast of Arco, 
the river enters Box Canyon, a narrow canyon approximately seven miles long 
with an average height of 70 feet and a width of 130 feet. Fractured basalt 
composes the canyon’s nearly vertical walls. The river exits Box Canyon and 
flows to the INEL Diversion and Spreading Areas, constructed in 1958 to divert 
high runoff flows away from the INEL facilities. Flows not diverted at the INEL 
diversion dam pass north across the INEL site in a shallow, gravel-filled 
channel. This main channel branches into several channels 18 miles northeast . ot tne diversion dam, forming four shaiiow sinks, reierred to as ine Big Losi 
River Sinks (Koslow and Van Haaften, 1986). 
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The two northeast-trending tributaries of the Big Lost River generally flow 
tlwn, mh h&-irnrk ,,III@.\,E on,-4 I mAcw”n minimn, El ,&ra \r,sl+ar hPPPE tn nrn, lm-4 . . . ..e”J’. 1”“1”“I. .“S.“,” “.a- “,‘..-‘s’ *,,..,*,,.“, ““...““” ..-.-* 1”...a”.d .” J’““I I” 
water underflow until they join the main northwest trending valley. The river 
leaves the bedrock valley near Howell Ranch and flows over deep alluvium 
where infiltration rates are high (see Figure F-8). The drainage characteristics 
change at Arco. The river flows over a broad, flat flood plain underlain by 
basalt for the first few miles below Arco (Niccum, 1973). Surface drainage is 
confined to the Pioneer Basin in the INEL, and no surface water enters the 
Snake River (Koslow and Van Haaften, 1986). Any Big Lost River waters not 
diverted for irrigation purposes are lost to evaporation or percolate to the water 
tabie, recharging the Snake River Piain Aquiier. infiiiration and depression 
storage losses are most significant in Box Canyon and the Big Lost River Sinks 
due to fractured basalt. Only in times of heavy runoff does the Big Lost River 
flow to its terminus at the Sinks in the northwest corner of the INEL (Koslow 
can.4 \,c.n U~.aHan ,o*c\ “ll” “Y,I I IUVI.“#I, ““V,’ 

The flow of the Big Lost River is measured at the gaging stations operated by 
the USGS below the Mackay Reservoir (30 miles northwest of Arco) and at the 
INEL diversion. The average annual discharge for 69 years of record for the 
Big Lost River, as measured at the Mackay gaging station, is 227,500 ac-ft/yr 
(Pittman et al., 1988). The main river channel flow just below the INEL 
diversion was 70,000 ac-ft in 1974, and the INEL diversion channel flow in the 
same year was 32,000 ac-ft (see Figure F-9). In 1975, a total of 88,000 ac-ft 
flowed down the main channei of the Big Lost River and 46,000 ac-ft fiowed 
through the INEL diversion channel. In 1976, only 38,000 ac-ft flowed through 
the main channel and 18,000 ac-ft flowed through the INEL diversion channel 
(Barraclough et al., 1981). Flow increased markedly from 1981 to 1984 with a 
b.*r, rr‘ “7C r-en ar-(t et tbl.3 rli.rsrrinn i” ,CI*n H-c. b-.inhsr, rrats \,a+ ~Pcnw4(Pd L”.cw “I 7,“,Vv” -1-1. a. VIV “I”5mI1IYII III IWYY( .I,” .yj,‘“‘. .U.” ,“. .“--.-w-. !n 
1984 and 1985, flow in the main channel was maintained at 57,000 ac-ft/yr 
(Pittman et al., 1988). 

The diversion channel was excavated through several basalt ridges and 
intervening surface sedimentary deposits to connect the Big Lost River with a 
series of natural depressions. The depressions are designated as spreading 
areas A, B, C, and D. Water is diverted into the diversion channel by a low 
earthen dam across the Big Lost River. The dam is part of a long, continuous 
dike extending along the north side of the river to the spreading areas. Two 6 
feet-diameter corrugated metal pipes permit passage of less than 900 cfs of 
water through the dam into the main course of the river flowing downstream 
into INEL (Lamke, 1969). Flow in the river is regulated by gates on the 
_..,....A_ n...:-- dl--a- a-... i^ ^.,^^^^ ^‘1h.^. ^,,^...^A l - ^^^^ l s..rr. *..I. *I.,. c;“,“cI,W. YUI I# ,y II”““3, ll”W 111 ri*t,,ci3a “I ,I ICI, WWVT~” I” ‘Jam ,I llvuyl I II IV 
culverts is carried by the diversion channel; flow in the diversion channel is 
uncontrolled at discharges that exceed the capacity of the culverts. 

.,, 



I I L - *900 

rYtlUg ,*a 0 &Llo_l 
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Figure F-6 Profile and Section of the Big Lost River 



Figure F-9 Discharge of the Big Lost River at the INEI Diversion Channel (8OUrCe: Plittman et at., 1988) 
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The diversion channel is capable of carrying 7200 cfs from the Big Lost River 
into the spreading areas. Two low swales located southwest of the main 
channei can carry an additional ztuu cis, ior a combined maximum diversion -.-- 

channel capacity of 9300 cfs. The diversion channel extend- about 0.9 miles 
from the point of diversion to Spreading Area A. Water flows from Spreading 
Area A through a short connecting channel into the three other spreading 
areas ,Rra”na* ,cmm The +n+cJ .-rmllritu n‘ tha enrcP3rlinn =raaC ic ** wb-7 3e.e \--. . . .-..( ‘“““,. .“...I “.q,..“.., “I .I,” Yy’“u”“‘y “I”U.2 I” lV,L”Y Y”~,. 
at elevation 5,040 feet above msl and 56,000 ac-ft at elevation 5050 feet above 
msl (McKinney, 1986). 

The configuration of the channel is unusually rough. Resistant basalt ridges 
create an irregular channel bottom which cause riffles and waterfalls at low to 
medium flows. The containment dike forms the east bank of the diversion 
channel. Basalt boulders, up to 5 feet in diameter, serve as rip-rap along the 
lower part of the dike. The upper part of the dike is predominately gravel. 
Scaiioped areas, depressions, and basaii ridges form tine wesi bank. The west 
bank overflow section is sparsely to moderately covered with vegetation, 
chiefly sagebrush and grass (Bennett, 1966). 

4.3 Cl Iti.FO w.tar I Its iv..“-- ..“.“. ““” 

The NRF water needs are met by groundwater supplied by four active 
production wells, only two of which (wells NRF-1 and NRFP) are used for 
drinking water (See Figure F-10). All four wells are located within NRF’s 
boundaries and all draw their water from the Snake River Plain Aquifer. The 
surface water runoff is not used for domestic or industrial purposes, but it may 
be used by animals and plants, Surface water in the IWD attracts wildlife and 
waterfowl to the area. 
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5.0 GROUNDWATER HYDROLOGY 

5.1 Site Specific Hydrologic Conditions 

The general character of water in the Snake River Plain Aquifer below the INEL 
varies. The groundwater on the east side of the INEL contains more sodium .~.A ~.-.---L I-~,.--..~ .I~~. ., ana porassium, lnolcarmg mar me recharge io ihai part of in63 aquifer originaies 
in the silicic volcanic-dominated mountains to the north and northeast of the 
site (Lewis and Jensen, 1984). 

Tha nml,nriwatar from the Snake River P!ain ,&talifar helnw tha INFI ic - =. - -. - - .-. ~ -. _. - -. - . . - . -- - 
relatively low in total dissolved solids (an average of slightly more than 200 
mg/L) (EG&G, 1988). The low mineralization reflects the moderate to 
abundant precipitation in the mountainous source areas, the absence of 
extensive deposits containing soluble minerals, and the low solubility of the 
basalt that forms the principal aquifer system. The water in the aquifer is 
generally of high quality, and with modest treatment, can be made suitable for 
most uses. 

Tine Snake River Piain Aquiier is tine oniy source of water used at the iNEii. 
Pumpage rates and their effect on aquifer water levels are closely monitored by 
the USGS. Pumping has a very limited and localized effect on annual water- 
level changes in the aquifer in the vicinity of the NRF Production Well because 
thn rmn, In+ ,-A n,,T* ,nA..r~+ta, n. wnnnrl ic .mr.ll in n.r\nnrtinn +m the. tntcs, CA-0 d‘n, ..I” I.,,““,,. “I ~‘““““,,.A.“’ ),Y”‘~“” I” “IIIUII III ~,“f,“‘,,“” L” .I,” .“.YI “y”“..v 
storage and recharge (Barraclough et al., 1981). 

5.2 Groundwater Use 

The primary uses of groundwater at the NRF include fire safety, cooling water, 
plant operations, and domestic uses. This groundwater is supplied by the NRF 
Production Wells NRF-1, NRFP, NRF-3, and NRF-4. 
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6.0 ECOLOGY AT NRF 

6*i Surrounding bnii use 

The INEL has been committed to energy research and development and was 
designated a National Environmental Research Park in 1975. Approximately 
gg0/ of the 6g-J E”l Irn,P InilP r&Pa ha.2 haan wi+kAr*w” ‘mm *ITa nl lkh Amm=in -~-“.” * . . ..- l.“l ..-” “_“.. . . . . . .-.-.... ,.“,,, .a -1 r”..“v “V. I lull I. 
The remaining 5% is controlled by the DOE. A series of Public Land Orders 
dating to 1946 established the present uses of the INEL. Lands originally 
under the control of the Bureau of Land Management were withdrawn from the 
public domain under three principal Public Land Orders. Six other Public Land 
Orders pertaining to INEL lands have been issued. These orders primarily 
concern the managerial transfer of responsibilities (Bowman et al., 1964). 

Approximately 330,000 acres of the INEL are open to grazing by cattle or 
sheep. Figure F-ii presents a map oi grazing areas reiaiive to the NHf-. 
These areas at the INEL are mutually agreed to by the DOE and the 
Department of the Interior. Grazing permits are administered through the BLM. 
Grazing is prohibited within two miles of any nuclear facility and livestock 
nnn, ,,s+innc c,,D rnntrnllnrl Nn ,-bin, C,T\llC **e allnwrrr( in tha c.vmc1 IPn.rrman a+ pv”P”..,..-. -1 “I” ““I ,..“U”“. ..” “.,U, “Y.-Y ..I” UII”..“” III LIIY YI..cl \Y”..“‘U” WI 
al., 1964). 

Crops grown in Sectors lo-12 within 50 miles of the INEL include alfalfa, hay, 
and grains (Bowman et al., 1964). Livestock in these sectors, approximately 
22,000 animals, include cattle, and sheep; no dairy cows are raised in these 
sectors (Bowman et al., 1964). 

6.2 BiOta 

6.2.1 Flora 

The 500,000 acres of the INEL are located on the eastern end of the 
h.cd+i,- CnAm CIi,,nr Dldn in 0 Asear) cnmma mihr +ke.t ic hrn:r-I n‘ tkn 
“..IUI.I” “*IUr.” Ill.“, I lull, III Y YIIVI. ““‘1”1’“‘“Ly l lLll IU LyI/‘“cl’ “I ,,,r 

Great Basin Region. This area is dominated by big sagebrush, green 
rabbit brush, bluebunch wheatgrass, and Indian ricegrass (McBride et 
al., 1978; and Cholewa and Henderson, 1983). The INEL is a mosaic of 
over 20 vegetation communities and almost 400 plant species (Table F- 
2). Sagebrush provides the largest habitat on the INEL, and is 
important to many animal species. Juniper communities occur in the 
northwest and southeast portions of the INEL. These communities are 
generally associated with increasing elevation, and are found near East 
and Middle Buttes and in the foothills of the Lemhi Range. Although 
these communities are restricted in their distribution, they provide 
important nesting habitat for raptors and are used by a variety of 
passerines. 
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Crested wheatgrass seedings are common throughout the INEL. These 
have flourished on the INEL since the 1950’s when they were planted 
on disiurbed sites. A grass communiiy oomnareo by iridian ricegrass -I. -.!~--*..1 

also occurs in a relatively narrow band near the eastern border of the 
INEL. Previously an old burn site, it contains other disturbance species 
such as needle-and-thread, squirreltail, halogeton, and Russian thistle, 
which nrnhahlv &~niz& ihe arqe zf@? iha &rfi Chnlawa am-i r. - - --. , ,-.. - ._. - -..- 
Henderson, 1983). 

Irrigated farmland intersperses with sagebrush habitats and borders 
much of the INEL. Much farmland is planted with alfalfa, but fields of 
wheat, potatoes, and irrigated pasture are also planted (Gates, 1983). 
These areas are used extensively by a number of passerine species, as 
well as by four species of game birds: mourning doves; pheasants; 
gray partridge; and sage grouse. About 37% of the INEL is grazed by 
cattle and sheep. 

Aquatic habitat on the INEL consists of evaporation and percolation 
ponds known as sinks or playas, which are located at the termination of 
+ka Clin 1 a-z+ 0Lrc.r Dldnr mttnnwnnrl ic +ha nrimcanr rirmrisn cne.ciac .I I” Y’y LVI. I 11”“1. I lUll,I Iv..“,...““- .” . ..” ps........, ..r”*..... vr‘--..o- 
that is sparsely distributed along the river flood plain. Four of the sinks 
or playas that exist in the area have not contained water since at least 
1986. Two of these areas contained water in 1967, IS70 to 1975, and 
1982 to 1986. A third area was flooded in 1969, 1971, and 1983, while 
the fourth has been dry for at least the last twenty years. When 
flooded, littoral plants in these areas have included thistle, speedwell, 
wild lettuce, cheatgrass, wild barley, and willow. Sedges, cattails, and 
rushes are common macrophytes. Small man-made ponds 
approximateiy 0.5 to 4.0 acres occur at several fNtL raciiities and 

..-. . 

receive some use by waterfowl (Halford and Markham, 1963). 

Common plant species occurring at the INEL are in Table F-2. All plant 
C,.a..inC iP4an+xiarl l.e.>rs hnnn rrrmni,c,rl in 3 cnmn, ,+sr ,-k.+o C,,C,Drn “)J”“‘“’ l”rlllllarY 11_“W “IIlI “““‘p’” 111 ” “.u”~“.“~ . . . . ‘,...“S” 
(Floyd and Anderson, 1983) and additional plant summaries are 
available for the site (Shumar, 1983; and Floyd and Anderson, 1963). 

No plants on the federal list of endangered or threatened species have 
been observed on the INEL (Cholewa and Henderson, 1983). 
Astraaalus ceramicus var. m and A. purshii var. oohioaenes, were 
under review for threatened or endangered status; they were dropped 
from the Federal Review List because they were more abundant than 
previously believed (Federal Register, 1983). It was once thought that 
this species occurred at the INEL. However, further study revealed 
these plants had an unusual color morphology as compared to A. 
m var. glareosus. Thus, A. ourshii var. oohioaenes has not been 
^^^:.:..^I., :A^^.:‘:^-1 ̂ I IL.,. IkICI I.‘“c4L’“~‘y I”~IIIIIIcmA a, ,IlC II”LL. 

Four species, currently listed on the State Watch List, occur at the INEL 
including Corvoantha missouriensis. Gvmnosteris nudicatilis. Oxtheca 
dendriodea. and Lesouerella kinaii (Chowela and Henderson, 1963; and 
Idaho Rare Plant Meeting, March 25, 1989). Plants on the Idaho State 
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Watch List are considered rare and of special interest in Idaho, but their 
nnn, ,,rr+ir\nc I,P n,-.+ in iannarAr ~“P”8U.S”‘” “I” II”. “‘,““~“1”,, “I US”, “‘0, YY ““IIII,I”I, IIU”..I,VIT DC ,ha.r rn~~l ka rnmmnn .3lrssr,hn,o 
(Chowela and Henderson, 1983). C. missouriensis was found on a 
sample site in the northwest corner of the INEL at the head of a small 
side canyon in the southern Lemhi Range. No immediate threats to this 
population were identified at the INEL (Chowela and Henderson, 1983). 
Four distinct populations of G. nudicatulis were found in the southwest 
corner. Three were on a gravelly substrate and one was on sandy-silt 
on the side of a volcanic cone (Cholewa and Henderson, 1983). All 
locations were inside the no-grazing boundary at the INEL. Potential 
ihreais io these inciude ioss oi habiiai due io gravei extractions. fviosi 
populations were found on flood plain gravels, with one occurring next 
to an active gravel pit (Chowela and Henderson, 1983). 0. dendroldw 
was found at eight locations in shady areas, primarily in the’south- 
crantrll nnrtinn nt ,hP INFl citn Nn ~nn~rPn+ thralte tn tl-drcl ““....“. P”..!“!. “. ..,” . ..-- “..“. ..” “rr”.“... . ...““.” .” . ..““” 
populations were identified (Cholewa and Henderson, 1983). In 
addition, J . kinaii was observed at three locations In the southeast 
section. No apparent threats to these populations have been identified 
(Cholewa and Henderson, 1983). Additional information on these 
species is presented by Bowman et al. (1984), and Cholewa and 
Henderson (1983). 

6.2.2 Fauna 

A diverse insect population consisting of at least 150 families and 14 
orders occupies the INEL rangeland ecosystems (Stafford and Barr, 
1983). Insects are essential components of complex food chains. They 
-.a in,ml,rsrl in .-k.rrrmnnri+irm rr‘ nl~n+ rnr( rn”irn~.l mcl+s,i~.l nAlin&nr, WI” WI.YI.YY II. YY”“‘II~“IIbI”II “I p’cL”L “ll” “IIUIIUI lll”L”llUl, p”‘.“‘“.‘““, 
aeration, and soil turnover (Halford, 1981; Stafford and Barr, 1983; and 
Stafford, 1984). One amphibian and nine reptilian species occur; the 
more common species are listed in Table F-2. 

At one time or another during a typical year, 159 bird species are found 
on the INEL, and 14 additional species have been listed as possible 
occurrences (Arthur et al., in press). Twenty-nine species of game birds 
have been recorded on the INEL, which provides important wintering 
and breeding habitat for the species (Conneiiy, 1982; and Conneiiy and 
Ball, 1983). The pheasant, gray partridge, chukar, blue grouse, and 
mourning doves are uncommon; only one observation of a blue grouse 
has been reported on the INEL. Additional game species at the INEL 
CllcI I,~&~” II I I a”,- I -c. saw1 lir,rrl il Ts3kl.. c ‘I 

Sixty-nine species of passerines have been recorded on the INEL 
(Arthur et al., in press). The most common species include the horned 
lark. black-billed magpie, American robin, sage thrasher, Brewer’s 
sparrow, sage sparrow, and western meadowlark (Table F-2). These 
species occur throughout the INEL. The sage sparrow, Brewer’s 
sparrow, and the sage thrasher are the most common nongame bird 
species breeding on the INEL (Peterson and Best, 1983). 
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The INEL is an important nesting and wintering area for 22 species of 
raptors. American rough-legged hawks, American kestrels, prairie 
falcons, and golden eagles are the most abundant raptors observed on 
the INEL during the non-breeding season. During the winter of 1981. 
82, most observations of raptors at the INEL included American rough- 
legged hawks (555 observations) and golden eagles (208 observations) 
(Craig et al., 1983). The most abundant breeding raptors on the site 
are American kesireis and iong-eared owis (Craig, iQ7Qj. Most raptor 
nests are restricted in distribution and are located in deciduous trees 
along the Big Lost River and in Juniper stands near Kyle Canyon in the 
northwest portion on the INEL or near Twin Buttes to the southeast. 
Arlrlitinnd mntnrc n~~~wrinn at the aitn are indiratad in T&!e F-2. , .““...“, .“. .“r.“. - ““““. . .= I. ,. .- -..- -.- .-.--.-- 

Eighteen of the 37 mammal species at the INEL are rodents (Arthur et 
al., in press). The Townsend’s ground squirrel, least chipmunk, Great 
Basin pocket mouse, Ord’s kangaroo rat, western harvest mouse, deer 
mouse, bushy-tailed wood rat, and the montane vole are the most 
comman small animals on the INEL. These animals are also relatively 
common throughout sage brush regions of the Intermountain West. 
Additional mammals occurring at the INEL are indicated in Table F-2. 
Five species oi bats occur in the iava-iube caves on and adjaceni io ihe 
INEL (Table F-2). The small-footed myotis and Townsend’s big-eared 
bat hibernate on the site, while the remaining bat species are 
considered migratory (Markham, 1987). 

Four species of rabbits occur on the INEL; black-tailed jack rabbits, 
white-tailed jack rabbits, Nuttal cottontails, and pygmy rabbits (Table F- 
2). All but the white-tailed jack rabbits are considered abundant. In 
addition, six species of carnivores occur on the INEL. Of these, the 
coyote, long-tailed weasel, and the badger are considered common 
(Arthur et al., in press). The bobcat ranges throughout the INEL, but is 
generally uncommon. The mountain lion is considered rare. The 
spotted skunk is generally uncommon, but can be found in basalt 
outcrops. 

The INEL supports resident populations of mule deer and pronghorn. 
Mule deer are considered uncommon and are generally concentrated in 
.I..^ ^A. .,b...~.. -..A ..rr+s”l .Lrhrn n‘ ,hn ,h,E, Tkrn, P.-m, w in nrsltnr IIICI JUUIIIGIII a,,” uQ1111a1 pwuu,, “I u,r II.LL. I I ‘WJ ““““I II 3 y’wu.” 
numbers on the buttes and mountains surrounding the, INEL. 
Pronghorn are found throughout the INEL and are generally considered 
abundant (Arthur et al., in press). Most pronghorn in southeastern 
Idaho are migratory (Hoskinson and Tester, 1980). During winter 
months, 4500 to 8000 pronghorn, or about 30% of Idaho’s total 
population, may reside on the INEL. In addition, elk (Cervus elaohus) 
may be expanding their range into the INEL, as indicated by the recent 
increase in elk sightings (Markham, 1987). 

The bald eagle and the American peregrine falcon are the only species 
observed on the INEL that are classified as federally-endangered. A 
total of 65 observations of bald eagles were made at the INEL during 
.h.T ..,in+ar rr‘ ,oa, ,oa1 LII.2 .1,,,,r, “I lV”l -lil”G. “s?*car,cc,, rca.yw.2 I.CI.2 ““ll,“r” l”“c.ill~ II, Ce..,,an,or\.. ,.rnlnr 1.,,3._ ,.kran,aA vnAr+in,T in 
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Howe, Idaho, just west of the INEL (Craig et al., 1983). Bald eagle 
counts that were conducted once each year during mid-winter surveys . .._--. - ,.-_.. _ ..__ -. _ ..___. ,.__ -. are as IOIIOWS; 4 (IYU~, 3 (iyu4), 2 (IYUSJ, 5 (i~utq, ana i (IYU/J 

(Markham, 1987). No nest sites have been reported in the area. The 
peregrine falcon has been observed infrequently on the northern portion 
of the INEL (Arthur et al., in press). The population status, roosting 
r~mha.mcmtc snrl dicnrrrcsll c-4 thic encAne ie t-8 wrantlu hainn et0 riimi a+ 7”..“...-...“, . ..*- “.“r”.“... “. . . ..- “r.,...-- .” -“........, ““...= “.“-...- “. 
the INEL and results of these studies will be presented in future 
publications (Markham, 1987). 

Several species of wildlife observed on the INEL are of special concern 
to the Idaho Department of Fish and Game (Gleisner, 1983) and the 
Bureau of Land Management. These species include the ferruginous 
hawk, merlin, osprey, burrowing owl, whfte-faced ibis, long-billed curlew, 
and bobcat. However, only the ferruginous hawk, burrowing owl, long- . . . . orsea curiew, and bobcai occur reguiariy on tine site. 

The INEL lies within the Pacific and Central Flyways, which are used by 
a variety of migratory songbirds, waterfowl, and raptors. Most ducks 
I ,ca ,ka lNEl msn.mrAa nnnrlc cant4 ‘lnnrl,w4 dl\,Sf ?#c ractinn SlPlP I”” .I,” Il.-b ,,,..,I ,,a”“” ~V”W’ ..I.” I.““-“” F...,..” “V “““....J “.--I 
during migration, and therefore, may act as important vectors in 
transporting contaminants accumulated across aquatic trophic levels 
(Halford and Markham, 1983). In addition, each of the raptor species in 
the area (Table F-2) is likely to migrate or undergo seasonal 
movements across the INEL. Consequently, raptors could also act as a 
significant pathway for transport of radionuclides or other contaminants 
across terrestrial trophic levels and may be important In dispersing 
contaminants out of the INEL. 

6.3 Fauna at the IWD 

In 1988, NRF initiated a detailed ecological survey to identify use patterns 
rccnrir+aA with tlla InA,lc+rirl iA,3c+a nit,+ ,lwn\ Drdiminww r,aClll+C nf the UIYYII”.“” ..I., I .I I” II 1”“1.1111 ..I...” I..“. I \. . ..a,. . ‘“..‘....‘..., l”v”l.- . . . ..” 
survey indicate that the dfch fills a significant ecological role at the INEL by 
providing a unique source of water and habitat in a normally arid environment. 
The existence of the ditch at the INEL for over 30 years has provided a means 
for flora and fauna to establish long term niches and usage patterns. 
Significant observations of various fauna are detailed as follows: 

6.3.1 Antelope 
..-. During summer months, the anieiope popuiatlon ai the INtL 1s iimited 

to outlying agricultural areas. However, in the late summer, irrigation 
water to wheat crops is eliminated and large numbers of antelope 
migrate into the INEL and to the IWD for water. NRF is located seven 
mil,ac. \.rar+ ni !-In..,.2 Irlelkn CA”,-4 Ilrrnrir+c.r( eAnrir*,,+, 1.~1 n,.%cJe ,,,,,s?e ..vr). “I I I”,~~( l”Ul I” UI 8” UI1.a”“ICL.V” oy, I”YI1UIU1 WI”c.ACI. !tl 
August, 1988, several antelope were counted in a period of one week 
along the IWD. 
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6.3.2 Sage Grouse 

In the late spring, sage grouse clutches (2-3) hatch along the borders of 
the IWD. 

6.3.3 Ducks 

During the spring, nesting pairs of mallards and teal are observed in the 
IWD. In 1987. eight pair of ducks hatched clutches along the channel. 
Occasionally in the late fall, ducks will land in the ditch from flocks 
migrating south. 
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Table F-2 Representative Plant and Animal Species Occurring at the INEL 

Common Name Scientific Name 

FLORA 
Cactacea (cactus family) 

Pin cushion cactus Corvoantha missouriens@ 

Chenopodeacea (Goosefoot family) 

Winterfat 
Shadscale saltbush 
Nuttall saltbush 

Geratoides lanata 
Atriolex confertifolia 
Atriolex nuttalli 

Compositae (Composite of Sunflower family) 

Big sagebush 
Low sagebush 
Rabbitbrush 
Hawksbeard 
Yellow salsify 
Wild lettuce 
Thistle 
Gray horsebrush 
Dandelion 

Artemisia tridentata 
Artemisia arbuscula 
ChrvsothamnuS spp. 
QQ& spp. 
Traaoooaon dubius 
Cactuca serriola 

it% spp. mia canescens 
Taraxacum officinale 

Bladder pod Lesauerella kinaii 

Cupressaceae (Cypress family) 
Juniper Junioerus spp. 

Cyperaceae (Sedge family) 
Sedge &&Q& spp. 

Gramenaee (Grass family) 

Bluebunch wheatgrass 
TL:^I-^-:L- . ..&.-^a ̂_^_^ 1 I Iwlwplnu VW ma,y, aa3 
Crested wheatgrass 

Indian ricegrass 
Needle and thread ora_ss 
Squirreltail grass 
Blue grass 

Aaroovron soicatum 
Aei ^_.. i-n d --..- i-ch..tiiii 
Aaroovron cristatum 
Aaroovron desertorum 
pruzoosis hvmenoides 
sting, r.oma_!a 
Sitanion hvstrix 
es SPP. 
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Table F-2 Continued 

fi._._..~. .I--.. ~“mmo” lYame Scieniiiic Name 

FLORA (Continued) 
Gramenaee (Grass famllv) _ contin~~ed 

Great Basin wild rye Elvmus cinereus 
Wild Barley Hordeum iubatum 
Cheatgrass Bronius tectorum 

Hydrophyllaceae (Waterleaf family) 

Phacelia Phaceiia inconsaicua 

Juncaceae (Rush family) 

Painted milk vetch Astraaalus ceramicus 
Wnnhr nnrl milk l,dPh ..--., r-- . . . . . . . _” .-.. ,+tr.mc.!us mu:+ 
Milk vetch &traaalus oilvifloruq 
Milk vetch Astraaalus kentroohvta 

Polygonaceae (Buckwheat family) 

Oxytheca Oxvtheca dendroidea 

Salicaceae (Willow family) 

Willow p!k ;PP. 
Plains cottonwood OQU us deltoides 

.Smmh, ,I&SWVAIP lFinwnrt ‘r.mil,r\ -“.sy. . . ..“....““I” \. yj..“‘. . ...‘“‘., 

Speedwell Veronica sp. 

Typhaveae (Cattail family) 

Cattail Tvoha latifolia 
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Table F-2 Continued 

Common Name Scientific Name 

FAUNA 
Amphibians and Reptiles 

Anura (Amphibians) 

Great Basin spadefoot toad Soea intermontana 

Squamata (Reptiles) 

Short-horned lizard 
Sagebrush lizard 
Gopher snake 
Western rattlesnake 

Phvrnosoma doualassi 
Scelooorus araciosus 
Pituohis melanoleucyS 
Crotalus virdus 

Birds 

Ciconiiformes (Heron, Bitterns, and Relatives) 

White-faced ibis PI dis chihi 

Anseriformes (Ducks) 

Mallard 
Pintail 
American widgeon 
Northern shoveler 
American green-winged teal 
Redhead 
Lesser scaup 
Common goldeneye - _I uurrtenead 
Ruddy duck 
Hooded merganser 

Anas olatvrhvnchos 
Anas acuta 
Anas americana 
Anas clvoeata 
Anas acuta 
&tha americana 
Avthva affinis 
Buceohala clanoul6 
puceahaia aibeoia 
Ozvura iamaicensis 
Meraus streoera 
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Table F-2 Continued 

rnmmnn Name 2 _ _ -. _ Sclen?lflc Name 

FAUNA (Continued) 

Falconiformes (Hawks and Falcons) 

Osprey 
Bald eagle r-.-.~-T--~~- I.-~ I~ rerr”ylno”s “awn 
Rough-legged hawk 
Red-tailed hawk 
Swainson’s hawk 
n&inn RadR ------- --a.- 
Merlin 
Peregrine falcon 
Gyrfalcon 
Prairie Falcon 
American kestrel 

Galliformes (Grouse and Pheasants) 

Gray partridge 
Chukar 
Ring-necked pheasant 
Blue grouse 
Sam nlnl,PP =- J. ---- 

Gruiformes (Rails and Coots) 

American coot 

Charadriiformes (Shorebirds) 

Long-billed curlew 
Common snipe 

Columbiformes (Doves and Pigeons) 

lvlourni!?g dare 

Striniformes (Owls) 

Burrowing owl 
Long-eared owl 

Pandion haliaetus 
Haliaeetus leucocewhalus 
Suieo reaaiis 
Buteo laaopus 
Suteo ia maicensi 
Suteo swainsoni 
,A”, 1/!1 &pJra&or 
Falco columbarius 
Falco oerearinus 
Falco rusticolus 
Falco mexicanus 
Falco sparverius 

Perdix werdix 
Alectoris chukar 
Phasianuis colchicus 
Dendraaapus obscurus 
rc.,!,,-.a.,-, IC uy.n~y$.fl* IC “““.“I_ “I ” ” u* 

Athene cunicularia 
Asio otus 
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Table F-2 Continued 

Common Name 

Passeriformes (Perching birds) 

Scientific Name 

FAUNA (Continued) 

Horned lark Eremoohila aloestris 
Barn swallow Hirundo rustica 
Black-billed magpie Pica pica 
American robin Turdus miaratorius 
Sage thrasher Oreoscoptes montanus 
Western meadowlark Sturnella nealecta 
Brown-headed cowbird Molothrus ater 

Chiroptera (Bats) 

Little brown bat 
Long-eared bat 
Small-footed myotis 
Big brown bat 
Townsend’s big-eared bat 

Lagomorpha (Rabbits) 

,.,L?.- ._!.-A 1--m. --LIZ. ““rIIw-Lal,tl” ,ar;n mu”,, 
Black-tailed jack rabbit 
Nuttal cottontail 
Pygmy rabbit 

Rodentia (Rodents) 

Yellow-bellied marmot 
Townsend’s ground squirrel 
Richard’s ground squirrel 
Least chipmunk 
Great Basin pocket mouse 
Ord’s kangaroo rat *.a--.--- L._~... _..~~.. vvestern narvesr mouse 
Deer mouse 
Northern grasshopper mouse 
Bushy-tailed wood rat 
Montane vo!e 
Sage vole 
Pocket gopher 

Mvotis lucifuaus 
Mvotis evotis 
Mvotis leibii 
Ewtesicus fuscus 
Plecotus townsendii 

L--~~- I wr,. r I, 
Lewus caiiiornicus 
Svlvilaaus nuttallii 
Svlvilaaus idahoensis 

Marmota flaviventris 
Spermophilus townendii 
Spermoohilus richardsonii 
Futamias minimus 
geramathus oarvus 
Qioodomv ordii R-iinr. ..-~-*--.~~- ooonromvs meaa o 3 -----i-ii- 

Peromvscus maniculatus 
Qnuchomus leucoaaster 
Neotoma cinerea 
M/rrnt,,a fylntanp 
Laaurus curtatus 
Thomomvs sp. 
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Table F-2 Continued 

Commnn Name Scientific Name 

Carnivora (Carnivores) 
FAUNA (Continued) 

Badger 
Bobcat 
Coyoie 
Long-tailed weasel 
Mountain lion 
Spotted skunk 

Taxidea Taxus 
Lvnx rufus 
Canis 1at:ians 
Mustela frenata 
Felis concolor 
Soiloaale aracilis 

Artiodactyla (Even-toed Ungulates) 

Mule deer Odocoileus hemionus 
Pronohorn Antilocaoara americana 

Source: Based on Surveys of the INEL performed by EG&G, and Arthur et al., 1963 
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7.0 IMPORTANT WILDLIFE HABITATS 

Important habitats are those that are necessary for maintaining a viable wildlife 
population, or which have a limited distribution on the INEL and could thus be 
eradicated by perturbation (e.g., a fire). Because many wildlife species on the INEL 
are sagebrush obligates, either directly or indirectly, all sagebrush habitats within the 
INEL are considered important. However, the northern end of the INEL contains 
interspersions of low sagebrush and big sagebrush habitats (McBride et al., 1978; and 
Connelly, 1992) that provide critical winter and spring range for sage grouse (McBride 
et al., 1978) and pronghorn (Hoskinson and Tester, 1980). 

Juniper communities on and adjacent to the INEL are important to nesting raptors 
(Craig, 1979) and several species of songbirds. The Big Lost River sinks provide 
wetlands in an area where this habitat type is generally lacking. When water is 
..rF.rlm+ tks rida. ave. IlC#arl kw d I=rnm mwnhmr d w~+nrfm.rl l”A rhnrahirrl E”DPi‘2.E p,c.‘.s’“, LIICI .x,,nu au.2 “IW” Y, Y ‘“‘y” II”II4”“, “I V.U.“II”.Vl UII” “IIVIVYIIY ‘fd”“.“” 
(Arthur et al., in press). The relatively limited areas of these habitats and their 
importance to wildlife suggest that they should also be considered important. In 
addition, the limited and dispersed plains cottonwoods provide essential nesting 
locations for numerous raptors at the INEL. 
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